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ABSTRACT 

The t o x i c  exhaus t  p r o d u c t s  of machine guns and r o c k e t s  f i r e d  

from armed h e l i c o p t e r s  can create a hazard  f o r  t h e  c r e w .  A t o x i c  

h a z a r d  e v a l u a t i o n  w a s  c a r r i e d  o u t  w i t h  t h e  UH-1B armed h e l i c o p t e r .  

S p e c i a l  methods w e r e  used t o  measure r a p i d l y  changing levels of carbon 

monoxide i n  t h e  h e l i c o p t e r  d u r i n g  a c t u a l  f l i g h t  t e s t i n g .  The exposure 

t o  me ta l l i c  p a r t i c l e s  w a s  a l s o  recorded .  No t o x i c  levels  of weapons 

exhaus t  were p r e s e n t  i n  t h e  c a b i n  d u r i n g  any p r a c t i c a l  miss ion  p r o f i l e  

w i t h  t h e  s p e c i f i c  weapons t e s t e d .  These tests are p a r t  of a c o n t i n u i n g  

armed h e l i c o p t e r  t o x i c  hazard  s t u d y  program a t  USAARL. 

APPROVED : 
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Commanding 
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MEASUREMENT OF TOXIC HAZARD DUE TO FIRING THE WEAPONS 

OF THE UH-1B ARMED HELICOPTER 

INTRODUCTION 

The exhaus t  p r o d u c t s  of weapons can  c o l l e c t  i n  armed h e l i c o p t e r  

c a b i n s  d u r i n g  r a p i d  o r  prolonged f i r i n g .  Exposure of t h e  crew t o  t h e s e  

h i g h l y  t o x i c  g a s e s  and a e r o s o l s  is u s u a l l y  v e r y  b r i e f  b u t  i t  may b e  

i n t e n s e .  The long t e r m  e f f e c t s  on h e a l t h  are r a r e l y  of concern because  

t h e  t o t a l  dose  of i n h a l e d  t o x i c  material i s  s m a l l .  It i s  v e r y  i m p o r t a n t ,  

however, t o  b e  s u r e  t h a t  aircrew performance is n o t  impaired,  even b r i e f -  

l y .  Eye i r r i t a t i o n ,  nausea ,  and e l e v a t e d  blood carbon monoxide l e v e l s  

h a v e r e s u l t e d  from e x c e s s i v e  exposure t o  exhaus t  p r o d u c t s  of weapons 

The r i sk  of combat m i s s i o n s  can  b e  s e v e r e l y  i n c r e a s e d  by t h e s e  f a c t o r s ;  

t h u s ,  the p r o b a b i l i t y  of t h e i r  occur rence  must b e  i n v e s t i g a t e d .  

1 , 1 0 , 1 1  

E v a l u a t i o n  of t h e  t o x i c  hazard  can be made from a chemical  

d e s c r i p t i o n  of t h e  contaminants  p r e s e n t  i n  t h e  e x h a u s t ,  t h e i r  concen- 

t r a t i o n ,  and t h e  d u r a t i o n  of exposure.  The g a s e s ,  v a p o r s ,  and a e r o s o l  
2 

components of t h e  exhaus t  from t y p i c a l  Army weapons have been d e s c r i b e d  . 
However, a n a l y s i s  of such a complex m i x t u r e  i s  n o t  p r e s e n t l y  p o s s i b l e  i n  

t h e  a i r c r a f t  environment.  The t o x i c  hazard  can b e  e v a l u a t e d ,  however, 

by a cont inuous  measurement of carbon monoxide c o n c e n t r a t i o n s  p r e s e n t  i n  

t h e  c a b i n  d u r i n g  t h e  f l i g h t .  The development of t h e  measurement method 
and the r e q u i r e d  i n s t r u m e n t a t i o n  h a s  been d i s c u s s e d  i n  p r e v i o u s  r e p o r t s  3 9 4  . 
The r e s u l t s  r e p o r t e d  h e r e  were o b t a i n e d  i n  tests performed a t  F t .  Rucker 

i n  1967. A b r i e f  p a r t i a l  r e p o r t  w a s  made a t  t h a t  t i m e  . Complete d a t a  

r e d u c t i o n  and documentat ion h a s  since been performed. 

5 
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MATERIALS AND METHODS 

Continuous Q u a n t i t a t i v e  CO Measurement 

A cont inuous  r e c o r d  of t h e  carbon monoxide c o n c e n t r a t i o n  i n  t h e  

a i r c r a f t  w a s  o b t a i n e d  w i t h  an  i n s t r u m e n t  c o n s t r u c t e d  a t  USAARL. This  

carbon monoxide r e c o r d e r  w a s  b u i l t  by e x t e n s i v e  m o d i f i c a t i o n  of a n  

i n d u s t r i a l  d e t e c t o r .  The changes which were made improved t h e  response  

t i m e  and provided precise r e a c t i o n  chamber tempera ture  c o n t r o l .  A s e l f -  

c o n t a i n e d  a i r c r a f t  power supply  a d a p t e r ,  a i r  sample pump, and s t r i p  

c h a r t  r e c o r d e r  (2 "  paper  wid th)  were inc luded  i n  t h e  modi f ied  u n i t .  The 

i n s t r u m e n t  d e t e c t e d  carbon monoxide by t h e  h e a t  which w a s  produced when 

t h e  g a s  w a s  o x i d i z e d  over  a h e a t e d  c a t a l y s t .  The m o d i f i c a t i o n s  have n o t  

been d e s c r i b e d  as y e t  i n  t h e  l i t e r a t u r e  b u t  t h e  g e n e r a l  approach was 

documented i n  a p r e v i o u s  r e p o r t  . 4 

Q u a l i t a t i v e  CO Measurement 

Carbon monoxide exposures  w e r e  a l s o  e s t i m a t e d  w i t h  NBS-type 
6 i n d i c a t o r  t u b e s  . These t u b e s  r e q u i r e  a v e r y  s t a b l e  r a t e  of sample a i r  

f low.  Consequent ly ,  a i r  w a s  drawn through t h e  t u b e s  w i t h  a n  e l e c t r i c  

pump and t h e  r a t e  of f low w a s  c o n t i n u o u s l y  metered.  A f low ra te  of 

90 ml/minute w a s  used .  

C a l i b r a t i o n  

The CO r e c o r d e r  w a s  c a l i b r a t e d  w i t h  premixed as w e l l  as dynami- 

c a l l y  g e n e r a t e d  m i x t u r e s  of carbon monoxide i n  a i r .  T y p i c a l  exposure 

t i m e s  i n  t h e  a i r c r a f t  were s o  b r i e f  t h a t  even the f a s t  responding CO 

meter d i d  n o t  have  s u f f i c i e n t  t i m e  t o  r e a c h  c o r r e c t  peak r e a d i n g s .  

Thus, i t  w a s  n e c e s s a r y  t o  a d j u s t  t h e  magnitude of t h e  recorded  carbon 

monoxide leve ls  f o r  t h e  e f f e c t  of t h e  s h o r t  exposure t i m e s .  This  

c o r r e c t i o n  w a s  o b t a i n e d  from c a l i b r a t i o n  curves  of t h e  t r a n s i e n t  response  

2 



of t h e  i n s t r u m e n t  ( F i g u r e  1). I n  a l l  cases, t h e  c o r r e c t i o n s  w e r e  se lect-  

ed t o  r e v e a l  t h e  h i g h e s t  CO l eve l  which migh t  have been  p r e s e n t .  Each 

b a t c h  of t h e  NBS-type i n d i c a t o r  t u b e s  used w a s  c a l i b r a t e d  w i t h  t h e  same 

g a s  m i x t u r e s  d e s c r i b e d  above. The o v e r a l l  accu racy  of t h e  ca rbon  mon- 

o x i d e  measurement w a s  w i t h i n  5 20% a t  c o n c e n t r a t i o n s  above 50 p a r t s  p e r  

m i l l i o n  (PPM). 

3 
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P a r t i c l e  Sampling and A n a l y s i s  

The t o t a l  q u a n t i t y  of metal p a r t i c l e  a e r o s o l  which would have 

been i n h a l e d  d u r i n g  a t y p i c a l  busy one-day m i s s i o n  w a s  a l s o  e s t i m a t e d .  

The p a r t i c l e s  were c o l l e c t e d  on a #41H Whatman F i l t e r  Disc w i t h  a s m a l l  

e l ec t r i c  sampler  which drew a i r  a t  t h e  ra te  of 3 l i t e rs  p e r  minute .  The 

m i n e r a l  c o n t e n t  of the f i l t e r s  w a s  analyzed a t  a p r i v a t e  l a b o r a t o r y *  

by means of a tomic  emiss ion  spec t roscopy.  

Probe L o c a t i o n s  . 
The CO r e c o r d e r  sample i n t a k e  probe w a s  p laced  over  t h e  p i l o t ' s  

s h o u l d e r  h a r n e s s ;  t h e  NBS t u b e  sampler  and p a r t i c l e  sampler  were c l i p p e d  

t o  t h e  f l i g h t  s u i t  of a rear-seat occupant  d u r i n g  t h e  tests.  

Weapons Tes ted  

S e v e r a l  thousand rounds each of M-60 and minigun ammunition, 

10 rounds of S-ll/M-22 wire-guided missi le  and 42 p a i r s  of 2.75" FFAR 

r o c k e t s  were f i r e d .  I n  t h e  case of t h e  carbon monoxide measurements,  

t h e  r e s u l t s  f o r  each weapon and f o r  a number of f l i g h t  c o n d i t i o n s  w i l l  

b e  g iven  s e p a r a t e l y .  I n  t h e  case of t h e  a e r o s o l  exposure t h e  sum of a l l  

t h e  p a r t i c l e s  c o l l e c t e d  d u r i n g  t h e  tests w i l l  b e  r e p o r t e d .  

RESULTS 

Carbon Monoxide Measurements 

The r e s u l t s  of t h e  carbon monoxide measurements f o r  t h e  machine 

guns and t h e  S-ll/M-22 wire-guided m i s s i l e  are grouped i n  summary form 

i n  Table  1. The maximum carbon monoxide c o n c e n t r a t i o n s  reached a r e  

g i v e n  i n  p a r t s  of carbon monoxide p e r  m i l l i o n  p a r t s  of a i r  (PPM); t h e  
-4 p e r c e n t a g e  composi t ion is o b t a i n e d  by m u l t i p l y i n g  PPM by 10 . The product  

*Aerojet-General Corpora t ion ,  Von Karman C e n t e r ,  Azusa, C a l i f o r n i a  
91702. A n a l y s i s  by M .  L .  Moberg. 
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WEAPON TESTED 

M-60 MACHINE 
GUN (QUAD) 

HOVER 

FORWARD FLIGHT 

HOVER AND 
FORWARD FLIGHT 

I 

OPEN < 50 < 0 . 2  < 10 

OPEN/CLOSED NO DETECTABLE LEVELS (LESS THAN 25 PPM AT ALL TIMES) 

< 25 <0.2 < 5  CLOSED 

MINIGUN (DUAL) I- 
L 

W IRE-GU IDED 
MISSILE 

MAXIMUM co MAXIMUM EXPOSURE 

HOVER 

PRODUCT OF CONCENTRATIO1 
AND TIME (PPM MIN) 

T A B L E  1. CARBON MONOXIDE EXPOSURE D U R I N G  F I R I N G  OF 
MACHINE GUNS AND WIRE-GUIDED M I S S I L E S  (MAXIMUM L E V E L S  MEASURED) 

of t h e  c o n c e n t r a t i o n  and t h e  d u r a t i o n  of t h e  exposure i s  a l s o  g iven .  

This  product  i s  a measure of t h e  "dose1' of  carbon monoxide t o  which t h e  

a i r  crew w a s  exposed. I n  g e n e r a l ,  t h e  measurements taken  w i t h  t h e  NBS 

i n d i c a t o r  t u b e s  p a r a l l e l e d  t h o s e  r e p o r t e d  f o r  t h e  cont inuous  r e c o r d e r ,  

and a r e  n o t  l i s t e d  s e p a r a t e l y .  

6 



Exposures t o  c a r b o n  monoxide a t t r i b u t a b l e  t o  r o c k e t  f i r i n g  w i t h  

t h e  2.75" FFAR are  l i s t e d  i n  T a b l e  2 .  The mean a i r  c o n c e n t r a t i o n  i s  a n  

a v e r a g e  of a l l  r e s u l t s  and is  r e p o r t e d  on  t h e  b a s i s  of t h e  c o n c e n t r a t i o n  

DOORS OPEN 

MEAN A I R  CONCENTRATION 

DOORS CLOSED 

STANDARD DEVIATION OF 
ABOVE 

240 

5300 

MAXIMUM EXPOSURE TIME 

240 

2600 

TYPICAL "DOSE" (Concen t r a t ion -  
T i m e  P roduc t )  

TYPICAL EXPOSURE AFTER 
FIRING SALVO OF 4 8  PAIR 

48 PAIR EXPOSURE ASSUMING 
WORST CONCENTRATION AND 
LONGEST EXPOSURE TIME 

PERMISSIBLE EXPOSURE 
( I f  Rece ived  Wi th in  
One M i n u t e )  

I 50 
25 

I 
0 . 2  j 0 . 1  

8000 

TABLE 2 .  CARBON MONOXIDE EXPOSURE 
ASSOCIATED WITH FIRING OF THE 2.75" FFAR ROCKET 

UNITS 

PPM / P a i r  

P PM / P a i r  

Minutes  

.PPM Min/Pai i  

PPM Min 

PPM Min 

PPM Min 

7 



r e l a t e d  t o  t h e  f i r i n g  of a s i n g l e  r o c k e t  p a i r  ( t h e  a c t u a l  f i r i n g  

sequence and r a w  d d t a  a r e  c o n t a i n e d  i n  t h e  appendix) .  

c o n s i s t s  of t h e  product  of t h e  mean a i r  c o n c e n t r a t i o n  and t h e  maximum 

exposure t i m e ,  a g a i n  on a p e r  p a i r  b a s i s .  Es t imates  of t h e  dose  of 

carbon monoxide which would have  been i n h a l e d  f o r  a f o r t y - e i g h t  p a i r  

r o c k e t  s a l v o  were c a l c u l a t e d  from t y p i c a l  and maximum "per p a i r "  d a t a  

by m u l t i p l y i n g  t h e  "per p a i r "  f i g u r e s  by f o r t y - e i g h t .  

s a l v o s  w e r e  f i r e d  d u r i n g  t h e  f l i g h t  tests. 

The " t y p i c a l  dose" 

No a c t u a l  l a r g e  

P a r t i c l e  A n a l y s i s  

The m i n e r a l  c o n t e n t  of t h e  f i l t e r  p a p e r d i s c  used t o  c o l l e c t  

p a r t i c l e s  is l i s t e d  i n  t h e  appendix.  The d a t a  are  i n  t o t a l  m i l l i g r a m s  

of m i n e r a l s .  These numbers c a n  b e  conver ted  t o  r ea l i s t i c  dose  estimates 

f o r  human b e i n g s  i n  t h e  f l i g h t  environment .  The b r e a t h i n g  ra te  of 

i n d i v i d u a l s  i n  a s t r e s s f u l  environment i s  h i g h l y  v a r i a b l e  b u t  t y p i c a l  

v a l u e s  of a i r  f low r a n g e  from 1 0  t o  100 l i t e r s  p e r  minute  . 
v a l u e s  are  r a r e l y  s u s t a i n e d  f o r  long  p e r i o d s .  A mean pulmonary a i r  f low 

rate  of 30 L/NIiT w a s  assumed. 

t h e  weapons are i n  t h e  s i z e  r a n g e  r e t a i n e d  e f f i c i e n t l y  by t h e  l u n g s .  

Thus, t h e  amount of  m i n e r a l  matter r e t a i n e d  by t h e  crew members w a s  

assumed t o  b e  t h e  same as t h e  amount of m i n e r a l  matter on t h e  f i l t e r  

paper  c o r r e c t e d  f o r  t h e  d i f f e r e n c e  between t h e  f i l t e r ' s  sampling ra te  

and t h e  assumed b r e a t h i n g  a i r  f low rate  (a  f a c t o r  of about  10). The 

c o r r e c t e d  d a t a  are  p r e s e n t e d  i n  Table  3 .  

7 The h i g h e r  

The m a j o r i t y  of p a r t i c l e s  e m i t t e d  from 

CONCLUSIONS 

The harmful  e f f e c t s  of carbon monoxide i n c l u d e  impairment of 

psychomotor s k i l l s ,  v i s i o n ,  and judgment. The s e v e r i t y  of t h e  impair-  

ment depends main ly  upon t h e  c o n c e n t r a t i o n  of the g a s  i n  t h e  r e s p i r e d  

a i r ,  t h e  d u r a t i o n  of exposure and t h e  p h y s i c a l  a c t i v i t y  of t h e  i n d i v i d u a l s  . 
A n  element of chance a l s o  e x i s t s  when exposures  are i n t e n s e  b u t  b r i e f  

as t h e y  are i n  t h e  h e l i c o p t e r .  I n  such  cases t h e  a c t u a l  amount of 

8 
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ca rbon  monoxide i n h a l e d  may depend.upon t h e  l o c a t i o n  of  t h e  s u b j e c t ' s  

mouth and nose  and t h e  r e l a t i o n s h i p  of t h e i r  r e s p i r a t o r y  rhythm t o  t h e  

e x a c t  t i m e - c o n c e n t r a t i o n  h i s t o r y  of  t h e  ca rbon  monoxide g a s  i n  t h e i r  

environment .  For t h e s e  exposures  t h e  b e s t  a n a l y s i s  i s  t o  examine t h e  

w o r s t  c a s e .  

I t  i s  i m p o r t a n t  t o  e s t a b l i s h  t h e  maximum exposu,re t o  ca rbon  

monoxide which w i l l  b e  p e r m i t t e d .  Moderate performance impairment can  

b e  t o l e r a t e d  i n  many i n d u s t r i a l  s i t u a t i o n s  b u t  i n  a i r c r a f t  t h e s e  same 

e f f e c t s  may b e  l e t h a l .  

l a t e d  f o r  t h e  Army by t h e  Advisory Cen te r  on Toxicology of t h e  N a t i o n a l  

Research Counc i l  . 
impairment which can occur  w i t h  carboxy-hemoglobin blood l e v e l s  i n  e x c e s s  

of 5%. The l e v e l s  picked were 8000 PPM M I N  i f  t h e  dose  is r e c e i v e d  i n  

one m i n u t e ,  10 ,000  PPM M I N  f o r  t e n  minu te  exposures  and 6000 PPM M I N  

f o r  30 minu te  exposures .  

S u i t a b l e  l i m i t s  f o r  armed h e l i c o p t e r s  were ca l cu -  

9 The i e v e l s  were chosen t o  p r o t e c t  a g a i n s t  v i s u a l  

The measured r e s u l t s  must b e  compared t o  t h e s e  p e r m i s s i b l e  l e v e l s .  

I n  t h e  case of t h e  machine guns and t h e  M-111s-22 m i s s i l e ,  exposures  

r eco rded  were a t  least  one hundred t i m e s  less  t h a n  t h o s e  which were 

c o n s i d e r e d  p e r m i s s i b l e .  The same w a s  t r u e  of t h e  2.75" FFAR when f i r e d  

i n  s i n g l e  p a i r s  and s m a l l  s a l v o s .  The c a l c u l a t e d  r e s u l t s  f o r  a t y p i c a l  

f i r i n g  of 48 p a i r s  of 2.75" FFAR were a l s o  w e l l  below t h e  exposure  l i m i t s  

( a  f a c t o r  of 20 o r  more l e s s ) .  I f  t h e  ex t r eme ly  u n l i k e l y  combinat ion of 

t h e  h i g h e s t  r eco rded  c o n c e n t r a t i o n  and l o n g e s t  t i m e  were c o n s i d e r e d ,  t h e  

r e s u l t s  would s t i l l  b e  a c c e p t a b l e  though t h e  d o s e  would b e  o n l y  s l i g h t l y  

below t h e  maximum p e r m i s s i b l e  level .  I n  g e n e r a l ,  t h e  f i r i n g s  i n  which 

t h e  door s  were open y i e l d e d  h i g h e r  c o n c e n t r a t i o n s  f o r  s h o r t e r  times s o  

t h a t  t h e  d o s e s  remained t h e  same. Should t h e  door s  b e  open, l a r g e r  

v a r i a t i o n s  from tes t  t o  test would b e  expected due t o  t h e  i n f l u e n c e  of  

random changes i n  wind and d i r e c t i o n  of f l i g h t .  
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Of the m i n e r a l  components d e t e c t e d  on t h e  p a r t i c l e  f i l t e r  a l l  

were normal components of d u s t  e x c e p t  copper  and l e a d .  

p r e s e n t  on ly  i n  trace q u a n t i t i e s  and c o n s t i t u t e d  no h a z a r d .  The 

p e r m i s s i b l e  d o s e  f o r  l e a d  w a s  c a l c u l a t e d  from t h e  t h r e s h o l d  l i m i t  v a l u e  
3 (TLV) of 0 . 2  mg/m as f o l l o w s .  The TLV's  a r e  i n d u s t r i a l  s t a n d a r d s  which 

assume an  e i g h t  hour d a i l y  exposure.  

i n d i v i d u a l  b r e a t h i n g  a t  a n  a v e r a g e  r a t e  of 20 l i t e r s  p e r  minute  would 

i n n a l e  about  10,000 l i t e rs  of a i r  o r  10 m . 
TLV of l e a d ,  0 . 2  mg/m3, a t o t a l  of 2 mg would b e  i n h a l e d ,  t h u s  2 mg p e r  

day can  b e  cons idered  an a c c e p t a b l e  exposure t o  l e a d .  

l e a d  exposures  (Table  3) were n o t  expec ted  t o  exceed 0.03 mg.  

c l e a r l y  p r o v i d e s  a l a r g e  s a f e t y  margin.  

The copper w a s  

During an  e i g h t  hour day an  

3 I f  t h i s  a i r  c o n t a i n e d  t h e  

I n  t h i s  s t u d y ,  

This  v a l u e  

METAL 
- 

LEAD 

COPPER 

MAGNES UM 

ALUMINUM 

S I L I C O N  

0.03 

0.008 

0.02 

0.02 

0.03 

A b r e a t h i n g  ra te  of 30 l i t e rs  p e r  minute  i s  assumed f o r  t h e  man. 

TABLE 3. MINERAL AEROSOL INHALATION DURING 
VERY ACTIVE ONE DAY ARMED HELICOPTER MISSION 
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From t h e  above d i s c u s s i o n  i t  is clear t h a t  t h e  o c c u r r e n c e  of a 

t o x i c  h a z a r d  on t h e  UH-1B armed h e l i c o p t e r  d u r i n g  t h e  f i r i n g  of t h e  M-60 

quad machine gun, d u a l  minigun,  S-ll/M-22 wire-guided m i s s i l e ,  and 

2.75" FFAR r o c k e t s  i s  ex t remely  u n l i k e l y .  However, carbon monoxide and 

o t h e r  t o x i c  materials are p r e s e n t  i n  s m a l l  q u a n t i t i e s  when t h e  weapons 

are f i r e d .  Crewmembers should  avoid  exposure t o  o t h e r  s o u r c e s  of t o x i c  

materials,  p a r t i c u l a r l y  carbon monoxide. The e f f e c t s  of smoking and 

t h o s e  of oxygen d e f i c i e n c y  (such as occur  a t  a l t i t u d e )  would b e  a d d i t i v e  

t o  t h e  e f f e c t s  of t h e  carbon monoxide p r e s e n t  d u r i n g  t h e  f i r i n g  of 

weapons. These remarks ap,ply p a r t i c u l a r l y  t o  t h e  2.75" FFAR r o c k e t  

f i r e d  i n  l a r g e  s a l v o s ,  i n  which c a s e  t h e  s a f e t y  margin p r e s e n t  w i t h  t h e  

o t h e r  weapons may b e  c o n s i d e r a b l y  reduced.  
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APPENDIX - RESULTS OF PARTICLE ANALYSIS 

A E W Q J E T - G E N E R A L  C O R P O R A T I O N  

YON KARMAN CENTER 31 Ju ly  196i 

Sub j ec t : Analysis of Special  F i l t e r  Sample 

T O  : Commanding Off icer  
U.S. Army 
Aeromedical Research U n i t  
Box 577 
For t  Rucker, Alabama 36360 

A t t n :  Capt. G. L. Hody 
Toxicological Branch 

The ana ly t i ca l  r e s u l t s  given below were obtained on the mater ia l s  found on 
f i l t e r  #USAARU 27-JE-67-01 (Whatman 41H f i l t e r  paper used i n  an air sampler a t  
a flow r a t e  of 3 l i ters /min) .  For t r ace  analysis  s tud ies ,  contaminant contri-  
butions from blank f i l t e r  papers can be s ign i f i can t  and these m u s t  be ca re fu l ly  
determined s o  that appropriate correct ions can be made to  the t o t a l  ana ly t i ca l  
data.  
these r e s u l t s  averaged f o r  a blank determination. 

A minimum of 4 blanks were analyzed p r i o r  t o  sixdying the sample and 

The da ta  a re  quant i ta t ive  with an expected precis ion of f 1% of the 
reported number. 

T o t a l  Milligrams Per F i l t e r  
S i  0.003 k 0.0003 
Pb 0.003 f 0.0003 
CU 0.0008 5 0.00008 
N g  0.002 f 0.0002 
Ai 0.002 2 0.0002 

M. L, MGberg, Mhager 
Analy Li c a l  Labor2 t o  r i e s  Department 
Chedca l  Produr.tf Division 
Von K a r m a ,  C e n t  e 5: 



OF R O C K E T S  
F I R E D  

S i n g l e  r o c k e t  

1 p a i r  

1 p a i r  

1 p a i r  

2 p a i r  

S i n g l e  r o c k e t  

1 p a i r  

1 p a i r  

2 p a i r  

2 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

2 p a i r  

4 p a i r  

E X P O  S U R E  
T I M E  ( S E C )  

2 

8 

10 

9 
9 
7 

9 
8 

10 

8 
7 

6 

6 

6 

8 

8 

CO CONC. 
( P P N )  

- 30 
400 
140 

230 

370 

90 

230 
181 

185 
256 

200 

350 

120 

275 
235 

510 

( P P N  S E C )  
"DOSE (CONC. T I M E  PRODUCT) 

- 60 
3200 
1400 

2100 

3300 

6 30 

2100 
1460 

1850 
2050 

1400 

2 100 

7 20 

1650 

1900 

4100 

MEAN D O S E  25 PPM M I N / P A I R  
STD DEVIATION - +io.7 PPM MIN/PAIR 

( P P M  M I N )  (PPM MIN/PAIR) 

-1 

54 

23 

35 

55 

10 

35 
24 

31 
34 

23 

35 

12 

28 

32 

70 

-2 

23 

20 

16 

17 

16 

18 

A P P E N D I X  - CARBON MONOXIDE L E V E L S  D U R I N G  
2.75'' F F A R  ROCKET F I R I N G  (DOORS C L O S E D )  



# O F  R O C K E T S  
F I R E D  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

4 p a i r  s a l v o  

3 s i n g l e  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

1 p a i r  

1 r o c k e t  

E X P O S U R E  
T I M E  ( S E C )  

4 

3 

3 

3 

4 

3 

3 

4 

4 

3 

5 

5 

6 

4 

5 

3 

2 

3 

CO CONC. 
( P P M )  

1700 

1000 

600 

1500 

770 

500 

375 

600 

580 

5 80 

1410 

470 

650 

770 

630 

1500 

1800 

700 

( P P N  S E C )  

~~~ 

"I)OSE" (CONC. T I M E  PRODUCT) 

6700 

3000 

1800 

4500 

3100 

1500 

1250 

24G0 

2350 

1750 

7 200 

2333 

3900 

3060 

3150 

4500 

3600 

2100 

( P P N  M I N )  (PPX MIN/PAIR) 

110 

50 

30 

75 

51 

25 

2 1  

40 

39 

29 

120 

39 

65 

52 

53 

75 

60 

35 

30 

MEAN DOSE 50 PPM MIN/PAIR 
STD DEVIATION +23 PPM MIN/PAIR - 

A P P E N D I X  - CARBON MONOXIDE L E V E L S  D U R I N G  
2.75" F F A R  ROCKET F I R I N G  (DOORS O P E N )  
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